were the first to examine the specificity of the dye test (Sabin and Feldman, 1948) with reference to protozoal infections. They could not obtain a positive dye test in the sera of 14 patients suffering from tertian malaria or in the sera of two patients, one with amoebic dysentery and the other with mucocutaneous leishmaniasis. Westphal (see Muhlpfordt, 1951; Thalhammer, 1957) could not find dye test antibodies in infections of trypanosomes. However, Muihlpfordt (1951) was able to demonstrate dye test antibodies in rabbits, rats, and a golden hamster which had been experimentally infected with Sarcocystis. In sheep harbouring Sarcocystis tenella he found antibodies which were ascribed to the presence of these infections. Dye test antibodies were also detected in sheep infected with Sarcocystis tenella by Awad and Lainson (1954a, b) and by Awad (1954a) using his modified dye test. However, Moscovici (1953 Moscovici ( , 1954 could not find any antigenic relationship between Sarcocystis and Toxoplasma. Michalzik (1953) observed a high percentage of dye test antibodies in women harbouring infections of Trichomonas vaginalis. This was experimentally confirmed by Awad (1954b) in mice immunized with bacteriafree, living T. vaginalis. He also reported the presence of dye test antibodies in mice infected with Trypanosoma cruzi. Cathie (1955a, b) refuted some of these findings. Frenkel (1953) could not demonstrate any antigenic relationship between Toxoplasma and Besnoitia jellisoni. Since contradictory reports had been made on the production of dye test antibodies due to protozoal infections, it was felt necessary to undertake a detailed study to verify these observations.
MATERIALS AND METHODS
The following procedures were adopted throughout the study except where otherwise stated. A sample of blood was obtained from each experimental animal before infection. The bleeding of the experimental animals was carried out once a week, by cardiac puncture without any anaesthetic. About 8 ml. of blood was obtained at a time. It was allowed to clot at room temperature and the clot separated where necessary by means of a sterile platinum loop. The specimens were refrigerated overnight and centrifuged in the morning for 15 minutes at full speed, using an M.S.E. bench centrifuge. The separated serum was bottled in Bijou bottles and stored in the deep freeze at -17°C. till required for study. The period of storage was no longer than four months.
As accessory factor sera human sera were used from three donors who had been previously tested for this purpose and found suitable. The accessory factor sera were stored over dry ice and only thawed just before use to minimize the loss of the accessory factor content. The period of such storage never exceeded four months.
The Toxoplasma suspension was prepared by adding 0.1 ml. of a 1: 500 solution of heparin in saline to each of the peritoneal exudates from albino mice 6 to 8 weeks old that had been injected three days previously with 1:10 suspension of peritoneal fluid (each high-power microscopic field containing about 15 to 25 parasites) from mice harbouring three-day infections of the " RH " strain of Toxoplasma gondii. Those suspensions showing a volume of 0.5 to 1.0 ml were selected first. These were then examined under the microscope for adequate numbers of Toxoplasma. Only exudates which were free from bacterial contaminants and which showed over 100 Toxoplasma per high-power microscopic field were finally selected for use in the test. An aqueous solution of 0.25 % methylene blue was used as the indicator and was prepared in the carbonate-borate buffer, as recom-mended by Sabin and Feldman (1948) , a week earlier than required. This solution was used during the subsequent week and then discarded.
The freshly thawed test sera were inactivated for half an hour in a water-bath at 560 C. Four-fold serial dilutions were carried out up to an original dilution of 1: 256 using 0.85 % saline as diluent. To 2 vol. of each of the serum dilutions were added 4 vol. of the freshly thawed accessory factor serum and 1 vol. of the heparinized Toxoplasma suspension. A suspension control was instituted for the Toxoplasma suspension from each mouse. This was prepared by adding 2 vol. of saline and 4 vol. of the accessory factor serum to 1 vol. of the Toxoplasma suspension. A known positive serum control was added to detect the presence of a sufficient amount of accessory factor in the accessory factor serum. The positive serum was obtained from a rabbit previously injected with the avirulent " RB25 " strain of Toxoplasma. The contents of the tubes were mixed thoroughly by shaking the tube racks gently. The tubes were incubated for 45 minutes in a water-bath at 370 C. At the end of this period 1 vol. of alkaline methylene blue was added to each tube and mixed thoroughly as before. The tubes were again incubated for a further five minutes. The readings were made immediately after removal from the water-bath. Whenever the readings could not be carried out immediately the tubes were refrigerated soon after removal from the water-bath. However, all tests were always read before the elapse of two hours after the addition of the methylene blue. A batch of results was accepted only if the accessory factor serum control showed less than 10% modification and the positive control worked faultlessly. The titre was taken as the highest original dilution showing more than 50% modification of the extracellular Toxoplasma.
The complement fixation test of Warren and Russ (1948) was also carried out on the sera with some of the modifications as adopted by Lainson (1955 The tests were carried out as detailed earlier on inactivated and non-inactivated sera. Complementfixation tests were carried out on inactivated sera.
Results.-These are set out in Table I . Two rabbits died at the first cardiac puncture. Fourteen rabbits died of coccidiosis by the third week, five rabbits by the fourth week, two rabbits by the fifth week, and one rabbit survived the infection and was sacrificed later. Three rabbits did not show any dye test titres at all. The rest had dye test titres ranging from 1 to 1:16. The titres fluctuated in the same rabbit between these limits. There was a slight difference in titre between the inactivated sera and the corresponding non-inactivated ones, but this difference was negligible, being of the order of one dilution. All rabbits were negative for complement fixing antibodies.
Experiment RBCS: Dye Test Antibodies in Splenectomized
Rabbits Infected with Eimeria stkedae Twenty-four rabbits, 10-12 weeks old, were splenectomized using standard techniques. About four weeks after the last splenectomy, they were bled in two batches and fed with a smaller dose of sporulated oocysts of E. stiedae than in the previous experiment. Weekly samples of blood were drawn. Dye tests and complement fixation tests were carried out on inactivated sera. Dye tests were also carried out on non-inactivated sera.
Results.-The results are summarized in Table II . Two rabbits died at the end of the seventh week. The rest survived the infection, probably due to being older rabbits than those in the previous experiment and also being infected with a smaller dose. Two rabbits were completely negative in the dye test. The rest showed titres ranging from 1 to 1:16. As before there was a slight difference of titre in the results of the inactivated and non-inactivated sera, but this was not significant. The Results.-The guinea-pig GPL/l died three weeks after the second bleeding, and the guinea-pig GPL/4 four weeks after the second bleeding. All the dye tests and the complement fixation tests were negative except in the guinea-pig GPL/1, which showed a dye test titre of 1:256 and complement fixation titres of 1:16 in the pre-infection serum and the post-infection serum. Unfortunately the dye tests and complement fixation tests had not been carried out by this time and hence the brain of the guinea-pig could not be passaged into mice .. for the isolation of Toxoplasma. This guinea-pig was, however, considered to harbour a Toxoplasma infection or have had some contact with it previously.
Experiment RBCR: Dye Test Antibodies in Rabbits Intraperitoneafly Injected with Crithidiafasciculata A culture of Crithidia fasciculata was isolated by Professor P. C. C. Gamham from a Taeniorhynchus mosquito. This was maintained in the NNN medium with penicillin and streptomycin by Mr. P. E. Nesbitt, who also prepared the inocula used in this experiment. Two rabbits, previously bled, were injected intraperitoneally with 1 ml. of the NNN medium containing the parasites. One week later another injection was given. At the end of the second week from the last inoculation the rabbits were bled. They were again injected with the NNN medium containing the parasites four weeks after the post-inoculation bleeding and once again after a week. At the end of two weeks after the last injection the rabbits were bled for the last time. Dye and complement fixation tests were carried out as before on inactivated sera.
Results.-One of the rabbits was completely negative for the dye test and the complement fixation test antibodies. The other had a dye test titre of 1: 4 in all three specimens of sera. The complement fixation tests were negative.
Experiment GPA: Dye Test Antibodies in Guinea-pigs
Intraperitoneally Injected with Atoxoplasma sp. The Atoxoplasma was isolated from sparrows at The Winches Farm, St. Albans, Herts., by Dr. R. Lainson, who supplied me with the spleens of birds infected with the parasite. Six guinea-pigs which were previously bled were injected with ground spleens of four sparrows which were microscopically positive for Atoxoplasma. Twelve weeks later they were given another injection of ground spleens containing the parasites. Twenty-four weeks after the first injections the guinea-pigs were bled by cardiac puncture. Dye tests and complement fixation tests were carried out on these sera after inactivation.
Results.-All the dye tests and the complement fixation tests were negative.
Experiment MST: Dye Test Antibodies in Mice Infected with Trypanosoma cruzi Six mice which had been infected about 12 weeks previously with Trypanosoma cruzi were passed on to me by Mr. W. Cooper. All of them had been microscopically positive for T. cruzi at some time or other. The mice were sacrificed and bled from the heart. Dye tests and complement fixation tests were carried out on these sera.
Results.-All the mice were completely free from dye test and complement fixing antibodies for Toxoplasma. DISCUSSION Westphal and Knuttgen (1950) obtained negative dye tests in 14 cases of tertian malaria. Similarly, Awad and Lainson (1954b) could not demonstrate dye test antibodies in a rhesus monkey infected with Plasmodium cynomolgi. Jacobs (1956) did not obtain definite evidence for the production of dye test antibodies in rats infected with Plasmodium berghei or in chickens infected with Plasmodium gallinaceum. Cathie (1957) obtained three dye test positives in 76 sera from patients of all ages and with all stages of malaria from Uganda. Since the complement fixation test with the egg antigen was negative, he considered this of no importance. Similarly, Beverley (1957) obtained 35 % of 85 cases of malaria in the Forces positive to the dye test at a titre of 1: 4 (final dilution) and 2.5% positive in the complement fixation test. He also did not consider this significant as he expected 100% overlap if there was any antigenic relationship. Of the sera of three patients who were examined by Beverley (1957) before and after experimental infection with Plasmodium vivax, one serum remained negative and the other two weakly positive before and after infection. Jacobs (1956) could not obtain positive dye tests in a large number of squirrels naturally infected with a species of Hepatozoon or in chicks infected with Eimeria tenella.
Muhlpfordt (1951) obtained positive dye tests in guinea-pigs, rats, and a hamster infected with Sarcocystis experimentally. The guinea-pigs, which were previously negative, developed titres of 1: 25 and 1: 50 while the rats, which were also negative, developed titres of 1: 200 and 1: 400. These titres were maintained at the end of eight and twelve weeks respectively. In the hamster the titre was 1: 25 at four weeks and 1: 200 at seven weeks. In a survey of dye test antibodies in 45 sheep, Muhlpfordt (1951) found 12 sheep with positive dye tests and macroscopic infections of sarcosporidia, 10 sheep with positive dye tests but no macroscopic infections of sarcosporidia, and 23 sheep with negative dye tests and no macroscopic infections. Since macroscopic examination of throat muscles would not show incipient infections and as the rate of infection otherwise was low compared with figures given by other authors, Muhlpfordt (1951) (Awad and Lainson, 1954b) . Six lambs, which were negative in the complement fixation tests using both Toxoplasma and Sarcocystis antigens, were also negative in the dye test. Therefore Awad and Lainson (1954a, b) assumed the presence of a cross reaction between Toxoplasma and Sarcocystis. Using the spores of Sarcocystis tenella instead of Toxoplasma, Awad (1954a) was able to demonstrate dye test antibodies in three human sera showing dye test antibodies by the classical method, in another human serum which was negative by the usual method, and in three guinea-pigs which were experimentally infected with Toxoplasma. On the other hand, Moscovici (1953 Moscovici ( , 1954 could not demonstrate experimentally a serological affinity of a high grade between Toxoplasma and Sarcocystis. Of 45 sheep, 12 of which were definitely infected with Sarcocystis tenella, 22 showed positive reactions with titres between 1: 4 and 1: 10 (Moscovici, 1954) . Guineapigs and rabbits, immunized with formalin-killed as well as living sarcosporidia, did not show any dye test antibodies, although they showed complementfixing antibodies with Sarcocystis antigen. Reid and Manning (1956) obtained positive dye tests, mostly to very high titres, in all of 36 sheep, most of which they assumed to be infected with sarcosporidia, but they could not obtain any positive complementfixation tests. Since these positives were obtained in the presence of accessory factor, they suggested that these were not due to non-specific factors. The isolation of Toxoplasma from placentae of sheep made the significance of these results uncertain to them. Cathie (1957) in a dye test survey among 69 sheep observed 54 to give a positive dye test with titres up to 1:16. However, after inactivation 20 sera turned out to be completely negative. On investigating 116 human sera containing both positives and negatives with the dye test using the modification of Awad (1954a) , Cathie (1957) found all to give a positive dye test. Many of these sera retained this property of modifying sarcospores even after inactivation by heat. On further investigation Cathie and Cecil (1957) noticed that in 23 human sera, a third of which gave a positive dye test with Toxoplasma, all were giving a positive dye test at 1: 4 dilution using sarcospores. Ninety-three other sera were also found to contain dye test antibodies using the test of Awad (1954a) . On repeating the test with sarcospores and the previous 23 sera after inactivation at 560 C. for 30 minutes, they became negative. On the other hand, Cathie and Cecil (1957) found, in a guinea-pig experimentally immunized with Sarcocystis complement-fixing antigen, that inactivation did not completely remove the antibodies detected with the use of sarcospores but retained them in a much lowered titre of 1:4, although no accessory factor was supplied at all, thus demonstrating conclusively that this substance present in the immunized guinea-pig was not the dye test antibodies as defined by Sabin and Feldman. In 10 sheep selected at random, Cathie and Cecil (1957) found six positive in the complement-fixation test using Sarcocystis antigen, and all 10 positive in the dye test with sarcospores. However, on inactivating these sera, this ability to modify fresh sarcospores was lost. On the other hand, tests carried out using old sarcospores and human sera showed that inactivating the sera had no effect in the modification as all sera showed positives whether inactivated or not. Varela, Roch, and Vazquez (1955) studied the sera of eight Rattus norvegicus with Sarcocystis and found three of them positive with the dye test at a titre of 1:32. Of two R. norvegicus with sarcosporidia, Trichinella and filaria, one rat showed a dye test positive at 1:32. Jacobs (1956) found three rhesus monkeys infected with Sarcocystis dye test negative while Sabin (see Jacobs, 1956) found negative dye tests in some cynomolgus monkeys with Sarcocystis infections. Thalhammer (1957) could not demonstrate dye test antibodies in rabbits suffering from sarcosporidiosis. Bakal (see van Thiel, 1958) found Sarcocystis hirsuta in hearts of cattle which were dye test positive as well as dye test negative. Awad and Lainson (1954b) reported a human case of sarcosporidiosis which was completely dye test negative. Another case, which was also completely negative, was cited by Beverley, Beattie, and Roseman (1954) and by Beverley (1957) . The work of Muhlpfordt (1951), Awad and Lainson (1954a, b) , and Reid and Manning (1956) suggests the possibility of cross reactions in infections of Sarcocystis. On the other hand, Moscovici (1953 Moscovici ( , 1954 could not obtain any serological relationship between Sarcocystis and Toxoplasma. However, Moscovici (1954) also could not obtain positive dye tests in rats, rabbits, and guinea-pigs infected with Toxoplasma living as well as killed. The results of Cathie (1957) and Cathie and Cecil (1957) throw some light on this problem. The complete removal of the dye test antibodies found in the sera of sheep after inactivation shows that there are some factors other than the dye test antibodies which are known to be heat resistant. These may be the factors involved in the observations of Muhlpfordt (1951) and Awad and Lainson (1954a, b) . The presence of factors capable of modifying sarcospores even in the absence of the accessory factor invalidates the modification of the dye test suggested by Awad (1954a) . The results obtained by Reid and Manning (1956) could be due to the same phenomenon observed by Cathie (1957) . F uman cases of sarcosporidiosis cited by Awad and Lainson (1954b) , Beverley et al. (1954) , and Beverley (1957) give additional support. All subsequent workers unanimously agree that Sarcocystis infections do not elaborate dye test antibodies.
Frenkel (1953) found Besnoitia jellisoni and Toxoplasma to be immunologically distinct. Jacobs (1956) Reid and Manning (1956) obtained three positive dye tests in seven patients with Trichomonas vaginitis. After studying with the dye test 132 women who were microscopically positive for T. vaginalis and 110 women microscopically negative for it, Piekarski, Saathoff, and Korte (1957) concluded that Trichomonas infections did not produce dye test antibodies. Borgen and Bj6rnstad (1957) found 13 women suffering from severe trichomonad vaginitis for over six months to be completely negative, except one who showed a positive dye test in the undiluted serum. Beverley (1957) van Thiel, 1958) gave identical results in the dye test although an increase in the agglutination titre was observed. The claim of Michalzik (1953) that Trichomonas vaginalis infections caused the production of dye test antibodies could be dismissed as his control groups were not similar. This is clearly revealed by the results of the surveys obtained by Cathie (1955a, b) , Reid and Manning (1956), Piekarski et al. (1957) , Borgen and Bjornstad (1957) , and Beverley (1957) . However, the experimental studies of Awad (1954b) cannot be dismissed so lightly. On the other hand the repetition of this work by Piekarski et al. (1957) , Saathoff (see Piekarski et al. (1957) , Borgen and Bjornstad (1957) , and Bakal (see van Thiel, 1958) does not support the observations of Awad (1954b) . No explanations could be given as to the results obtained by Awad (1954b).
According to Westphal (see Mulhlpfordt, 1951; Thalhammer, 1957) , no dye test antibodies were built by trypanosomes. Awad (1954b) van Thiel, 1958) could not obtain positive results in animals inoculated with T. cruzi, although she was able to establish the infection in the peripheral blood of the inoculated animals. Gronroos and Salminen (1955) could not obtain a correlation between the dye test results and the presence of Trypanosoma lewisi in the blood in 108 wild rats, Rattus norvegicus. Cathie (1957) found only two of 70 sera from patients suffering from infections of Trypanosoma gambiense to give dye test titres of 1:16 or lower. Beverley (1957) found 36% of 17 sera from trypanosome infections from Uganda and Nigeria to give positive dye test at a titre of 1: 4 (final dilution) which was not regarded as of importance. Saathoff (see Piekarski, 1958) found that mice and guinea-pigs experimentally infected with Trypanosoma cruzi and guinea-pigs infected with T. evansi were completely free from dye test antibodies although most of them showed infections with these agents. Bakal (see van Thiel, 1958) Westphal (see Muhlpfordt, 1951; Thalhammer, 1957) , Gronroos and Salminen (1955) , Cathie (1957) , and Beverley (1957) . Once again the claim of Awad (1954b) could not be substantiated by the experimental work of Saathoff (see Piekarski, 1958) and Bakal (see van Thiel, 1958) Considering an increasing titre as the criterion for the production of dye test antibodies, no such phenomenon was observed in the experimental work undertaken in this study although a fluctuation in the titres was observed in rabbits infected with Eimeria stiedae. A titre over 1:16 was never recorded. This fluctuation could be attributed to the severe necrosis and fibrosis seen in the livers of these rabbits. Further, repeated weekly withdrawal of blood could be significant in animals suffering severe necrosis of the liver. Hence such a fluctuation should be expected as normal. Practically no variations in the titres were observed in splenectomized rabbits infected with Eimeria stiedae and in normal and splenectomized rabbits injected with Leishmania enriettii. No positive complement-fixation tests were observed in all four experiments. The observed titre differences between the inactivated and nonactivated sera in rabbits both normal and splenec-tomized may be an exhibition of the phenomenon observed by Cathie (1957) in a lesser degree or may be due to experimental errors. Since this difference seems to be more or less constant, the present author holds the former view. Additional evidence for this view comes from similar observations of Sabin and Feldman (1948) , Jettmar (1954 ), Gr6nroos (1955 , and Cathie and Cecil (1957) .
The 
